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The aim of this study was to evaluate the biomarkers of cardiac damage 
such as heart-type fatty acid-binding protein (H-FABP), pentraxin-3 (PTX-3), and 
thrombomodulin (TM) for the detection and prognosis of bovine traumatic peri-
carditis (TP). Spontaneous TP was diagnosed on the basis of history, clinical signs, 
complete blood count, glutaraldehyde test, ultrasonography, and pericardiocen-
tesis findings. H-FABP, PTX-3 and TM levels in serum were compared between 
25 Holstein cows diagnosed with spontaneous TP and 10 healthy control cows us-
ing bovine-specific ELISA kits. Serum H-FABP in cattle with TP was significant-
ly (P < 0.05) higher than in the control group and positively correlated with cardi-
ac troponin-I (cTnI), creatine kinase myocardial band (CK-MB), PTX-3 and TM 
(r = 0.683, 0.342, 0.448 and 0.424, respectively; P < 0.05). The serum levels of 
PTX-3 (P < 0.05) and TM (P < 0.05) in cattle with TP were significantly higher 
than in the control group. Cardiac damage biomarkers H-FABP, PTX-3 and TM 
may be useful in the diagnosis of bovine TP.  
Key words: Biomarker, heart-type fatty acid-binding protein (H-FABP), 
pentraxin-3 (PTX-3), thrombomodulin, traumatic pericarditis 
Traumatic pericarditis (TP) in cattle is caused when a sharp foreign body 
present in the reticulum perforates the reticulum and the pericardium, resulting in 
the collection of serous and fibrinous inflammatory products in the pericardial 
sac. As a result, toxaemia and congestive heart failure develop in cattle (Gründer, 
2002). The condition is diagnosed in advanced cases by findings such as oedema 
in the brisket region as well as bilateral jugular venous distension and/or pulsa-
tion (Gründer, 2002; Braun, 2009). However, characteristic findings are not al-
ways observed in the early phases and the same findings may occur in other dis-
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eases that affect the heart, such as infectious endocarditis. The clinical diagnosis 
of bovine TP is difficult and usually made on the basis of clinical signs alone 
(Mellanby et al., 2009). Radiography and echocardiography may be useful addi-
tional tests but are not widely available in veterinary practice and are often ex-
pensive and impractical (Mellanby et al., 2009). Early and accurate diagnosis is 
important because the prognosis in cattle with chronic suppurative pericarditis is 
very poor (Mellanby et al., 2009). Additional tests such as cardiac biomarkers 
could be useful for the diagnosis of TP. 
Heart-type fatty acid-binding protein (H-FABP) is a low molecular weight, 
fatty acid carrying protein present in the cytoplasm of cardiomyocytes. It regulates 
the mitochondrial beta-oxidation system in cardiac cells, and 10% of cardiac myo-
cyte cytosolic proteins are H-FABP (Başar et al., 2013). H-FABP is a more relia-
ble biomarker than myoglobin and cardiac troponins for the diagnosis of acute 
coronary syndrome (ACS) in people (Ishii et al., 1997; Ishii et al., 2005). Release 
from damaged myocardial tissue leads to an increase in serum concentrations 
(Başar et al., 2013). The troponin complex binds to tropomyosin which is present 
in the contractile actin filaments of the striated muscle. Cardiac troponin I (cTnI) is 
one of the troponin subunits that control the binding of myosin to actin filaments 
(Strauss et al., 2010). Creatine kinase myocardial band (CK-MB) is an isoenzyme 
of creatine kinase that is abundant in the heart and is widely accepted as an indica-
tor of myocyte damage (Yazar et al., 2002). Troponins and CK-MB are reported as 
biomarkers in cattle with cardiovascular disease (Yazar et al., 2002; Mellanby et 
al., 2007; Mellanby et al., 2009); however, we did not find studies on H-FABP as a 
biomarker in cattle with cardiovascular or other diseases. 
Pentraxins associated with acute immune-inflammatory responses are di-
vided into two types: short pentraxins such as C-reactive protein (CRP) and long 
pentraxins such as pentraxin-3 (PTX-3) (Garlanda et al., 2005). Increased plasma 
CRP levels in people predict hospitalisation for heart failure independent of 
baseline heart failure, medication use, or coronary heart disease severity (Wil-
liams et al., 2008). PTX-3 is involved in various cellular functions, including cell 
adhesion, angiogenesis, inflammation and tumourigenesis, and its effect is based 
on modulation of the cardiovascular system (Bottazzi et al., 2016). 
Thrombomodulin (TM) is produced mainly in endothelial cells and con-
verts thrombin into an anticoagulant capable of activating protein C (Savchenko 
et al., 2008). Activated leukocytes or the products of oxidative stress cause pro-
teolytic degradation of endothelial cells, releasing TM into the serum (Boehme et 
al., 2002). An elevated soluble TM level has also been found to be associated 
with sepsis-induced disseminated intravascular coagulation or multiple organ 
dysfunction syndromes (MODS) (Lin et al., 2008). 
We hypothesised that the measurement of H-FABP, PTX-3, and TM might 
serve as a non-invasive and cost-effective replacement for traditional cardiac 
markers such as serum cTnI (Mellanby et al., 2007). We aimed to determine the 
association of H-FABP, PTX-3, and TM levels with the presence of TP in cattle. 
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Materials and methods 
Animals 
We included 25 Holstein cows with TP (pericarditis group) and 10 healthy 
Holstein cows (control group) aged 2–4 years. The TP animals originating from 
local small dairy farms were admitted to the Large Animal Hospital of the Facul-
ty of Veterinary Medicine of Selcuk University. The duration of the study was 
approximately 14 months. The occurrence of TP in all cases was spontaneous. 
Control cows were from the Veterinary Faculty Research and Application Farm 
of Selcuk University and sampled in the first months of the study. The Ethics 
Committee of the Veterinary Faculty of Selcuk University approved the study 
protocol. 
Clinical examination 
Physical examination included evaluation of respiratory rate, temperature, 
and heart rate. TP was tentatively diagnosed based on history and clinical signs 
including distension of jugular veins, tachycardia [slightly increased at 81–90 beats 
per min (bpm), moderately increased at 91–99 bpm, and greatly increased if 
≥ 100 bpm] (Braun et al., 2007), markedly muffled heart sounds, pericardial 
splashing, presence of throat, brisket or ventral abdominal oedema, complete blood 
count (CBC), glutaraldehyde test results, and ultrasonographic and pericardio-
centesis findings (Braun et al., 2007; Braun, 2009). The area from the third to 
fifth intercostal spaces of the cardiac region on both sides of the thorax of the 
standing cows was used for ultrasonographic examination (DC-6 Vet Diagnostic 
Imaging System; Shenzhen Mindray, China) equipped with a real-time 3.5- and 
5.0-MHz convex transducer probe. Pain tests were conducted according to previ-
ously described methods (Braun et al., 2001). At autopsy, the regions of the heart 
and reticulum were examined by a veterinarian to confirm the diagnosis. We in-
cluded only the animals with confirmed TP. 
The health of cattle in the control group from the Veterinary Faculty Re-
search and Application Farm of Selcuk University was confirmed by physical 
examination, normal CBC, glutaraldehyde test, and ultrasonographic examination. 
Blood sampling and laboratory analysis 
EDTA blood samples and blood without anticoagulant were collected 
from all cows directly into appropriate tubes through a catheter in the right jugu-
lar vein. Samples were allowed to clot at room temperature for 15 min and then 
centrifuged for 10 min at 2500 × g. Serum was harvested and stored at −80 °C 
for 16 months until analysis. Previous studies had not specified a storage time 
that would significantly affect fatty acid-binding proteins (FABPS) over a medi-
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an of 18 months (Liu et al., 2016). For the pentraxin family such as CRP serum 
samples were stored at –80 °C (Jansen et al., 2015). 
An automated CBC was performed (MS4e analyzer; Melet Schloesing 
Laboratories, Osny, France) within 30 min of sample collection. Blood smears 
were not reviewed. 
A whole blood glutaraldehyde coagulation test (GT) was used for the 
semi-quantitative determination of fibrinogen and immunoglobulin. The test was 
performed immediately after blood collection by adding equal amounts of ve-
nous blood from the tube without anticoagulant into a tube previously prepared 
with 1.4% glutaraldehyde solution (Merck Schuchardt, Hohenbrunn, Germany), 
slowly rotating the tube to mix the sample, and noting the time required for clot-
ting. A clotting time of > 15 min was accepted as normal. The indications of in-
flammation for the clotting time were accepted as indications of severe (0–5 min), 
moderate (5–10 min), or mild (10–15 min) (Gokce et al., 2007). 
Serum concentrations of H-FABP, TM, and PTX-3 were determined using 
validated commercial bovine-specific enzyme-linked immunosorbent assay 
(ELISA) kits according to the manufacturer’s instructions (MyBioSource, San 
Diego, CA). The reported intra-assay and inter-assay coefficients of variation 
(CV) for H-FABP were ≤ 15% and ≤ 15%, respectively, with a minimum detect-
able concentration (MDC) of 0.5 ng/mL. The reported TM intra-assay and inter-
assay CV were ≤ 5.5% and ≤ 9.1%, respectively, with an MDC of 0.156 ng/mL. 
The PTX-3 reported intra-assay and inter-assay CV were ≤ 15% and ≤ 15%, re-
spectively, and MDC was 0.25 ng/mL. Absorbance was recorded using a micro-
plate reader (ELx800, United States) and standard curves were generated. A 
chemiluminescence assay system (Siemens ADVIA Centaur XP; Erlangen, Ger-
many) was used for the detection of serum cTn-I (Siemens catalogue 2790309) 
and CK-MB (Siemens catalogue 7516647). The calibration of the analyser was 
performed with human cTnI standards (ADVIA Centaur Calibrator UL, Siemens 
Medical Solutions Diagnostics). In addition, we calculated the precision of 
measurement with independent measurements on the ADVIA centaur device, 
like in the study of Varga et al. (2009). Moreover, the intra-day and inter-day 
precision were determined by three replicate analyses of samples taken from cat-
tle in the control (n = 3) and the traumatic pericarditis (TP) groups (n = 3) within 
1 day or on 3 consecutive days. The precision was determined by the coefficient 
of variation [(CV% = 100 × (SD/mean)]. The per cent coefficients of variation 
calculated for intraday and inter-day precision were < 7.0% and < 5.0%, respec-
tively. The ADVIA Centaur has been used reliably for the determination of se-
rum cTnI concentration in cattle (Varga et al., 2009). 
Statistical analysis 
The mean and standard error of the mean (mean ± SEM) were calculated 
for each parameter. The Kolmogorov–Smirnov test was used to evaluate the data 
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for normality; all parameters were normally distributed. An independent student 
t-test (2-tailed) was used to determine parameter differences between healthy and 
TP cows. The Pearson correlation coefficient was used to quantify the relation-
ship between H-FABP, PTX-3, thrombomodulin, cTnI, and CK-MB. SPSS soft-
ware for Windows (14.01; SPSS, Chicago, IL) was employed for statistical anal-




Clinical examination and ultrasound findings 
Cows with TP had no or decreased appetite and a sharp decrease in milk 
production as reported by owners. Clinical examination revealed a poor general 
condition (n = 24), decreased (n = 12) or absent (n = 13) ruminal motility, and 
decreased appetite in all animals. The animals showed signs of pain such as 
bruxism (n = 12) and respiratory grunts on tracheal auscultation (n = 11). Pain 
tests were positive in all animals. Twenty-one of 25 TP animals were reluctant to 
walk. 
The heart rate was statistically higher (P < 0.05) in the TP group than in 
the control group (Table 1). Heart rate was mildly increased in 12 of 25 cows, 
moderately increased in 6 of 25 cows, greatly increased in 6 of 25 cows, and 
normal in 1 of 25 TP cows. Heart sounds were muffled in all 25 TP cows and 
pericardial fluid splashing sounds were audible in 13 cows. Both jugular veins 
were distended in all animals; throat, brisket and ventral abdomen were oedema-
tous in 13 of 25 cases. Fifteen cows stood with their elbows abducted. The mean 
rectal temperature (P < 0.05) and respiratory rate (P < 0.05) were higher in the 
TP group than in the control group (Table 1). The rectal temperatures were 37.5–
39.9 °C (Table 1) and > 39.0 °C in 15 TP cows. The respiratory rate was 
> 30 breaths/min in 17 TP cows. 
Ultrasound findings were consistent with a previously reported study 
(Braun, 2009). In 23 of 25 cases, a large amount of hypoechogenic fluid was ob-
served, sometimes with a fibrin mesh floating in the pericardial sac which was 
later validated in postmortem findings (Fig. 1). 
CBC and glutaraldehyde test 
White blood cell (WBC) and granulocyte (GRA) counts were significantly 
higher (P < 0.05) in cattle with TP (Table 1). Twenty-four animals had leukocy-
tosis (Table 1); the total leukocyte count was > 20.0 × 109/L in 10 animals. Three 
animals had anaemia and one had thrombocytopenia. 
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Table 1 
Haematological parameters, glutaraldehyde coagulation test and clinical findings in 25 cows with 
traumatic pericarditis and 10 healthy cows (mean ± standard error) 
Parameters Pericarditis (n = 25) Control (n = 10) 
White blood cells (× 109/L)* 19.5 ± 1.89 9.33 ± 0.58 
Lymphocytes (× 109/L) 4.6 ± 0.6 3.7 ± 0.6 
Monocytes (× 109/L) 0.5 ± 0.1 0.4 ± 0.0 
Granulocytes (× 109/L)* 14.5 ± 1.5 5.3 ± 0.8 
Erythrocytes (× 1012/L)* 6.33 ± 0.22 7.92 ± 0.42 
Haematocrit (%)* 27.7 ± 1.25 36.1 ± 1.56 
Platelets (× 109/L) 322 ± 39.0 411 ± 38.1 
Glutaraldehyde test (min) 2.88 ± 0.28 > 15 
Rectal temperature (°C)* 38.8 ± 0.16 38.2 ± 0.08 
Heart rate (beats/min)* 94.4 ± 3.30 69.4 ± 1.68 
Respiratory rate* (breaths/min) 37.3 ± 1.87 25.2 ± 0.20 
*Statistically significant difference between groups at P < 0.05 
 
The glutaraldehyde test (GA) was positive in all TP animals. Clotting time 
for GA was moderately decreased (3–6 min) in 5 animals and severely decreased 
(< 3 min) in 20 animals. 
Biomarkers 
The serum levels of H-FABP in cattle with TP were significantly (P < 
0.05) higher than in the control group (Fig. 2) and significantly correlated with 
cTnI, CK-MB, PTX-3, and TM with a Pearson correlation coefficient of 0.683, 
0.342, 0.448 and 0.424, respectively (P < 0.05; Table 2). The serum levels of 
cTnI (P < 0.05) and CK-MB (P < 0.05) in cattle with TP were significantly high-
er than in the control group (Fig. 2). The serum levels of PTX-3 (P < 0.05) and 
TM (P < 0.05) in cattle with TP were significantly higher than in the control 
group (Fig. 2) and significantly correlated with H-FABP, with a Pearson correla-




To the best of our knowledge, this is the first report which shows the in-
crease of novel cardiac biomarkers (H-FABP, PTX-3, and TM) and their correla-
tion with cTnI and CK-MB in cattle with TP. A previous study reported that H-
FABP is a potentially independent marker of cardiac cases and has higher predic-
tive capacity than cTnT at the onset of ACS (Ishii et al., 2005). The high serum 
levels of H-FABP and their correlation with cTnI and CK-MB (Table 2, Fig. 2) 
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in cattle with TP in our study may indicate that H-FABP can be used for the de-
tection of cardiac damage in cattle. An increase in cTn-I and H-FABP in dogs 
treated with formoterol was found to be more sensitive than creatine kinase, lac-
tate dehydrogenase, and CK-MB activity in detecting drug-induced cardiac inju-
ry in dogs (Strauss et al., 2010). Increased levels of H-FABP were observed in 
the plasma of mice (Aartsen et al., 2000) and in the urine of rats (Volders et al., 
1993) after experimentally induced myocardial infarction. Cattle with pericardial 
disease had a higher serum cTnI concentration than healthy cattle, but cTnI could 
not be used to differentiate pericarditis from other cardiac diseases (Mellanby et 
al., 2009). The findings of these studies suggest that H-FABP and similar mark-
ers may be needed in the veterinary field. 
 
Fig. 1. Ultrasonographic and postmortem appearance of traumatic pericarditis (TP) in a cow.  
A: Ultrasonogram with thickening of the pericardium and pericardial sac with fibrin mesh (yellow 
arrow). B: Ultrasonogram with pericardial effusion, pericardial sac and a fibrin mesh. A 3.5 MHz 
convex transducer probe was placed in the fifth intercostal space on the left side to obtain images. 
C: Gross postmortem findings with a defective heart shaped like a ball. D: Pericardial sac of a cow 
with traumatic pericarditis, covered with a yellow fibrin mesh and fluid 
BA 
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Fig. 2. Heart-type fatty acid-binding protein, pentraxin-3, thrombomodulin, cardiac troponin and 
creatine kinase myocardial band levels in 25 cows with traumatic pericarditis and 10 healthy cows 
(mean ± SEM) 
Table 2 
Pearson correlation coefficient between H-FABP, PTX-3, TM, cTnI and CK-MB in 25 cows with 
traumatic pericarditis and 10 healthy cows (n = 35) 
Parameters (n = 35) cTnI (ng/mL)  CK-MB (ng/mL) PTX-3 (ng/mL) TM (ng/mL) 
H-FABP (ng/mL) 0.683** 0.342* 0.448** 0.424* 
cTnI (ng/mL) 1 0.237 0.430* 0.334 
CK-MB (ng/mL)  1 0.175 0.091 
PTX-3 (ng/mL)   1 0.106 
H-FABP = heart-type fatty acid-binding protein; cTnI = cardiac troponin-I; CK-MB = creatine ki-
nase myocardial band; PTX-3 = pentraxin-3; TM = thrombomodulin; *Significant correlation at 
P < 0.05; **Significant correlation at P < 0.01 
 
Pericarditis is an inflammation of the pericardium with an accumulation of 
serous or fibrinous exudate (Gründer, 2002), as shown in Fig. 1. Leukocytosis 
and hyperfibrinogenaemia are also common findings that indicate severe in-
flammation in cattle with TP (Braun, 2009). Hyperfibrinogenaemia shows an 
acute phase response in cattle with TP, and coagulation abnormalities may also 
be seen in TP (Gokce et al., 2007; Tothova et al., 2014). In this study, the in-
creased levels of PTX-3 and TM are probably related to the acute phase response 
and inflammatory state (Tothova et al., 2014) and the coagulation abnormalities 
H-FABP = heart-type fatty acid-binding protein; CK-MB = creatine kinase myocardial band; cTnI = cardiac 
troponin-I; PTX-3 = pentraxin-3; TM = thrombomodulin 
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such as endothelial dysfunction (Gokce et al., 2007) in cattle with TP. The gen-
eration of inflammatory signals stimulates the production of PTX-3 in various 
cell types (Savchenko et al., 2008). Under resting conditions, PXT-3 is excreted 
in cardiomyocytes; however, human and mouse studies revealed that its produc-
tion is further increased in the early phase of myocardial ischemia (Maugeri et 
al., 2011). The attachment of PTX-3 to P-selectin reduces neutrophil infiltration 
in the area of myocardial damage (Deban et al., 2010), whereas its binding to the 
active thrombocytes reduces proinflammatory and prothrombotic effects in pa-
tients with myocardial damage (Maugeri et al., 2011). This is evident from a sig-
nificantly high myocardial injury observed in PTX-3-deficient mice compared 
with the controls (wild-type) (Salio et al., 2008). It has been reported that the 
plasma concentrations of PTX-3 significantly increase in patients with heart fail-
ure (HF) and positively correlate with brain natriuretic peptide and echocardio-
graphic findings (Casula et al., 2017). Thus, in left ventricular diastolic dysfunc-
tion and HF with a normal ejection fraction, PTX-3 has been reported as an in-
dependent inflammatory marker (Matsubara et al., 2011). 
Many studies indicate that elevated TM levels are associated with a severe 
inflammatory state (Chao et al., 2004; Arazi et al., 2011) and increased mortality 
in conditions such as ACS, trauma, and MODS (Lin et al., 2008; Arazi et al., 
2011). The damage caused by activated leukocytes results in the release of solu-
ble thrombomodulin (sTM) by proteolytic degradation of endothelial cells 
(Boehme et al., 2002). After the percutaneous coronary intervention, an associa-
tion between CRP and soluble TM levels is indicative of a relationship between 
elevated TM levels and inflammation and myocardial damage (Chao et al., 2004), 
indicating that TM has anti-inflammatory properties (Conway et al., 2002). 
In this study, the serum levels of PTX-3 and TM in cattle with TP were 
significantly higher than in the control group and significantly correlated with H-
FABP (Table 2, Fig. 2). The changes observed in PTX-3 suggest myocardial 
damage (Maugeri et al., 2011) and acute phase response (Bottazzi et al., 2006; 
Savchenko et al., 2008). ‘PTX-3 may reflect local inflammatory status in the 
cardiovascular system’ and thus may be a potential novel biomarker of inflam-
mation (Liu et al., 2015). Elevated TM may have pathophysiological importance 
in cattle with TP associated with early leukocyte activation and endothelial re-
lease (Arazi et al., 2011), haemostatic activation (Kim et al., 2016) or inflamma-
tion and myocardial damage (Chao et al., 2004).  
H-FABP, which is used as a rapid diagnostic tool for heart failure in hu-
mans, may be useful for the identification of TP in cattle. PTX-3 has the clinical 
potential to be used like CRP in human medicine and may be a cost-effective di-
agnostic option in veterinary fields in the future. However, there are several limi-
tations to our study. Histopathology was not performed to correlate the amount 
of myocardial damage with levels of PTX-3, H-FABP or TM, to gauge how well 
they indicate in vivo heart disease. The cattle had the natural disease in suffi-
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ciently advanced stages of TP to show clinical signs and require veterinary atten-
tion; therefore the usefulness of these biomarkers as early indicators of preclini-
cal disease is unknown. As cattle with other cardiac conditions were not included 
in this study, the ability of these biomarkers to discriminate between TP and oth-
er cardiac or pericardial diseases is also not known. In order to evaluate these 
markers in early diagnosis, experimental studies are needed. These markers also 
need to be more economical for routine clinical use in cattle. Future studies are 
warranted on the changes of levels of these biomarkers as prognostic and mortal-
ity indicators in non-traumatic and traumatic heart diseases of cattle. The sensi-
tivity and specificity of H-FABP and PTX-3 assays in distinguishing cattle with 
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